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Abstract
Beam loss monitors will be installed in the arcs, and close
to the collimators. How can we use such monitors for mon-
itoring and optimising the operation with beam, and for
providing a signal to the beam dump in case of faults ?
1 INTRODUCTION
The beams stored in the LHC will carry a substantial en-
ergy. Uncontrolled losses could result in major damage.
The nominal LHC intensity at 7 TeV is 1.07 A or about
6 × 1014 protons [1]. This is about 50 times more than the
SPS (0.33 A at 450 GeV) and 12 000 times LEP2 (6 mA at
100 GeV).
There is also a substantial amount of energy stored in the
superconducting magnets and beam loss induced quenches
should be avoided.
Beam loss detection is therefore a very important issue
for the LHC.
The (warm) cleaning sections are designed to catch most
of the normal “beam lifetime losses” (according to [1] τ =
22 h or 7.5×109 / s). Quench levels for localized, medium
term losses will be rather low, of order 107 protons in 10 ms
at 7 TeV (corresponding to 109 protons per second or τ =
165 h lifetime component).
A dedicated, sensitive and reliable loss detection system,
able to detect losses anywhere in the ring and in particular
in the cold parts, appears to be mandatory.
2 WHAT IS FORESEEN
The LHC will have cleaning sections, designed to catch the
primary and secondary halo. They will be well equipped
with several types of loss monitors, covering a very broad
dynamic range. This includes ionization chambers on each
collimator with integration times of about 7µs or batch
resolution, and fast monitors on primary collimators with
bunch to bunch resolution.
Here we will focus primarily on situations, where things
go wrong and where significant losses occur in cold sec-
tions. These losses will have to be detected by distributed
systems around the ring with good sensitivity in the cold
parts (the main arcs).
Detectors like the pin diode monitors which were suc-
cessfully used in HERA [2] and LEP [3] should be ade-
quate for this purpose. They are hit/no-hit devices, lim-
ited in counting rate to the bunch passage frequency (or
typically 4 × 11 245.5Hz ≈ 45 kHz for LEP and 2835 ×
11 245.5Hz ≈ 32MHz or 320 k in 10 ms in the LHC).
The dark rate from random coincidences is expected to
be low, of order 10−3 / 10ms. The counting rates cor-
responding to the quench limits are expected to be about
7.5 k /10 ms at 450 GeV and 60 /10 ms at 7 TeV for coun-
ters with 1mm2 diodes. Sets of six beam loss monitors
(BLM) around each main quadrupole (three at both sides)
should be adequate for overall bunch protection [4]. With
392 main quadrupoles (MQ) in the LHC, this will result in
a substantial amount of data.
3 USAGE, CALIBRATION
3.1 Previous experience (LEP)
Loss monitors have been very useful in LEP to measure,
understand and minimize losses, even though one could ar-
gue, that the pin-diode detectors were in fact not so well
adapted to LEP with its relatively low bunch passage rates
and severe synchrotron radiation backgrounds. The re-
sults of tail-scans (moving collimators in steps towards
the beam with synchronized readout of nearby beam loss
monitors) were important for studies of beam-beam, dy-
namic aperture and the choice of optics. Tail-scans were
automatically stopped and collimators quickly retracted (to
a programmable safe position), when the loss rates ex-
ceeded a programmable threshold. This worked very well
in LEP and allowed tail-scans in the preparation of physics
fills without danger of total beam loss or intolerable back-
grounds.
Fig. 1 shows a pin-diode (white square) beam loss mon-
itor with its associated electronics as used in LEP.
Figure 1: Pin diode beam loss monitor, as used in LEP.
Saturation effects can largely be corrected for by appli-
cation of Poisson statistics. Here an example, assuming a
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maximum (bunch passage) rate of f = 40 MHz and an ob-
served rate of h = 39.5 MHz. The true loss rate l is then
obtained as l = −f ln(1 − h/f) = 175 MHz. The va-
lidity of this relation was experimentally checked in LEP
(by comparison of BLM monitors with different pin diode
sizes and scintillator BLM’s). The correction allows to ex-
tend the dynamic range of the pin-diode BLM’s by about a
factor of five beyond the bunch passage frequency.
The knowledge of the absolute calibration or correspon-
dence between the observed loss rate and the number of
particles lost from the beam is important. In LEP it was de-
termined by scraping and calibration of the loss rates versus
the change in beam lifetime.
This however can only be done for loss monitors close






Figure 2: Schematic drawing of a horizontal collimator
with the PIN diode beam loss monitors and scintillators on
both sides. For vertical collimators the installation is turned
by 90◦.
In the case of the LHC, this would allow a calibration of
the loss monitors in the cleaning sections of the LHC. A
full calibration of all ring BLM’s with the beam appears to
be a rather non-trivial task. One could think of provoking
local losses of low intensity (pilot) bunches by orbit bumps
or possibly studies with using known, local vacuum bumps.
The design, construction and positioning of the BLM sys-
tem should aim for good stability and some a priori knowl-
edge of the calibration from simulation and prototype tests.
Pin-diode monitors are expected to have rather well de-
fined and constant detection efficiencies, like 70 % prob-
ability for a hit from the passage of a minimum ionizing
particle or 70%× 70% = 50% in coincidence.
Complete coverage coverage will also be important – to
avoid ”minimization” of losses by shifting them to regions
with less or no detection.
3.2 Usage in the LHC
The loss monitors should provide fast (O 10ms ), reliable
signals suitable as input to an automatic beam abort sys-
tem. The thresholds should be such, that the system dumps
the beam well before any quench. Random (false) triggers
should be made very unlikely by requiring coincidence of
















Figure 3: Normalized display of BLM rates in the control
room
A sketch of how the signals from BLM’s could be dis-
played in the control room is shown in Fig. 3. The display
should update frequently and the rates displayed be normal-
ized, such that abnormal, higher local rates can be spotted
easily. Besides quench and damage protection, such a sys-
tem can also be useful to find possible anomalies like major
misalignment, major optics errors (from various causes in-
cluding magnet and power-converter failures) or vacuum
bumps. It will also be useful to store the beam loss data
to allow for more sophisticated off-line studies like fre-
quency analysis and the possibility of long term summation
for comparison with data on integrated radiation doses.
Additional monitoring and control should be foreseen
for the cleaning sections, with display of both fast, quickly
updating and also slower, more precise time averaged in-
formation. The hard and software should allow tail-scans:
synchronized collimator control and BLM readout, acqui-
sition and display.
4 SUMMARY, CONCLUSION
Beam loss detection is a very important issue for the LHC
with its high beam power. The main aim is to avoid
quenches and exclude damage. An effective full coverage
with beam loss monitoring on all critical positions (with 6
pin diode BLM’s positioned around all main quadrupoles)
and in addition several broad range detectors in the clean-
ing sections is foreseen. This BLM data should be contin-
uously displayed and also stored. Reliability is also very
important. Pin-diode monitors are expected to be rather
robust and stable devices. Still, some semi-automatic test
mode (coincidence on/off) will be important to be able to
check the full availability of the system.
At least rough calibration factors (in terms of quench
threshold and number of protons lost) should be known for
all BLM’s and used in the display and the beam-abort sig-
nal. In addition to careful design and construction, it will
be important to allow for tests and calibration with beam
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of at least some representative sub-sample of all beam loss
monitors.
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